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1
METHOD AND APPARATUS FOR
CONTROLLING CARRIERS USED AT AN
ACCESS TERMINAL

BACKGROUND

As data and voice transmissions received by access termi-
nals (e.g., mobile devices) increase, it becomes increasingly
difficult to regulate the traffic supported over various carriers
due to inconsistent real-time capabilities of the access termi-
nals. Conventionally, in order for access terminals to throttle
certain applications by increasing real-time processing capa-
bilities, all carriers must be turned off simultaneously. Shut-
ting off all carriers effectively shuts down all forward link
(FL) traffic to an access terminal from an access node (e.g., a
base station). Conventional systems are unable to use the
available capacity atthe access terminal to dynamically select
which FL carriers should be received, based on currently
active applications implemented at the access terminal.
Therefore, there is a need in the art for selectively adapting the
FL carriers based on the performance capabilities available at
the access terminal.

SUMMARY

The presently disclosed configurations are directed to solv-
ing one or more of the problems presented in the prior art,
described above, as well as providing additional features that
will become readily apparent by reference to the following
detailed description when taken in conjunction with the
accompanying drawings.

One aspect of the disclosure is directed to a method of
controlling carriers used at an access terminal. The method
comprises dynamically determining whether to entirely or
partially shut off one or more carriers, from which the access
terminal receives data, based on one or more real-time con-
ditions at the access terminal; and entirely or partially shut-
ting off the one or more carriers in order not to receive data
from one or more slots available to the one or more carriers.

Another aspect of the present disclosure is directed to an
access terminal that includes a processing unit configured to
dynamically determine whether to entirely or partially shut
off one or more carriers, from which the access terminal
receives data, based on one or more real-time conditions at the
access terminal; and configured to entirely or partially shut
off the one or more carriers in order not to receive data from
one or more slots available to the one or more carriers.

A further aspect of the present disclosure is directed to a
processing system for controlling carriers used at an access
terminal. The processing system comprises a comparing
module configured to dynamically determine whether to
entirely or partially shut off one or more carriers, from which
the access terminal receives data, based on one or more real-
time conditions at the access terminal; and a data rate control
signal module configured to entirely or partially shut off the
one or more carriers in order not to receive data from one or
more slots available to the one or more carriers.

Yet a further aspect of the present disclosure is directed to
a machine-readable medium encoded with instructions for
causing a processor to control carriers used at an access
terminal. The instructions comprise code for dynamically
determining whether to entirely or partially shut off one or
more carriers, from which the access terminal receives data,
based on one or more real-time conditions at the access ter-
minal; and entirely or partially shutting off the one or more
carriers in order not to receive data from one or more slots
available to the one or more carriers.
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Yet a further aspect of the present disclosure is directed to
an apparatus for controlling carriers used at an access termi-
nal. The apparatus comprises means for dynamically deter-
mining whether to entirely or partially shut off one or more
carriers, from which the access terminal receives data, based
on one or more real-time conditions at the access terminal;
and means for entirely or partially shutting off the one or more
carriers in order not to receive data from one or more slots
available to the one or more carriers.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and are intended to provide further explanation of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, nature and advantages of the present disclo-
sure will become more apparent from the detailed description
set forth below when taken in conjunction with the drawings
in which like reference characters identify correspondingly
throughout and wherein:

FIG. 1 is a conceptual diagram of a wireless communica-
tion system with multiple users, according to certain aspects
of the present disclosure;

FIG. 2 is a conceptual block diagram of an access terminal
used in a wireless communication system, according to cer-
tain aspects of the present disclosure;

FIG. 3 is aflow diagram illustrating a method of controlling
carriers used at an access terminal, according to certain
aspects of the present disclosure;

FIG. 4 is a flow diagram illustrating a method of dynami-
cally determining one or more carriers, from which the access
terminal receives data, to entirely or partially shut off, based
on one or more real-time conditions at the access terminal,
according to certain aspects of the present disclosure;

FIG. 5 is a flow diagram illustrating a method of dynami-
cally determining one or more carriers, from which the access
terminal receives data, to entirely or partially shut off, based
on one or more real-time conditions at the access terminal,
according to certain aspects of the present disclosure;

FIG. 6 is a conceptual block diagram of a processing unit of
an access terminal used in a wireless communication system,
according to certain aspects of the present disclosure; and

FIG. 7 is a conceptual block diagram of a carrier compris-
ing a plurality of slots as used in a wireless communication
system, according to certain aspects of the present disclosure.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth to provide a full understanding of the
subject technology. It will be obvious, however, to one ordi-
narily skilled in the art that the subject technology may be
practiced without some of these specific details. In other
instances, well-known structures and techniques have not
been shown in details so as not to obscure the subject tech-
nology.

The word “exemplary” is used herein to mean “serving as
an example or illustration.” Any aspect or design described
herein as “exemplary” is not necessarily to be construed as
preferred or advantageous over other aspects or designs.

As used herein, according to some configurations and
aspects of the disclosure, the word “slot” may be used to
describe a time slot.

Reference will now be made in detail to aspects of the
subject technology, examples of which are illustrated in the
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accompanying drawings, wherein like reference numerals
refer to like elements throughout.

It should be understood that the specific order or hierarchy
of steps in the processes disclosed herein is an example of
exemplary approaches. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the
processes may be rearranged while remaining within the
scope of the present disclosure. The accompanying method
claims present elements of the various steps in a sample order,
and are not meant to be limited to the specific order or hier-
archy presented.

FIG. 1 is a diagram of a wireless communication system
supporting multiple users, according to certain aspects of the
present disclosure. Communication system 100 provides
communication for a number of cells 102A-102G (referred to
as cells 102), each of which is serviced by a corresponding
base station or access node 104A-104G (referred to as access
node 104). Of course, any number of cells 102 and access
nodes 104 may be included in the communication system
100. In the exemplary communication system 100, some of
the base stations 104 have multiple receive antennas and
others have only one receive antenna. Similarly, some of the
access nodes 104 have multiple transmit antennas and others
have a single transmit antenna.

Access terminals 106 A-106H (referred to as access termi-
nals 106) may refer to, for example, cellular phones, PDAs or
the like, and may also be called mobile stations, mobile
devices, user equipment (UE), wireless communication
devices, terminals, stations, mobile equipment (ME) or some
other terminology. As shown in FIG. 1, various access termi-
nals 106 may be dispersed throughout the communication
system 100, and each access terminal 106 communicates with
at least one access node 104 on a downlink and uplink at any
given moment.

Channel structures may be used for various multiple access
communication systems such as (1) a CDMA system that
transmits data for different users using different orthogonal
code sequences, (2) an FDMA system that transmits data for
different users on different frequency subbands, (3) a TDMA
system that transmits data for different users in different time
periods, (4) a spatial division multiple access (SDMA) sys-
tem that transmits data for different users on different spatial
channels, (5) an orthogonal frequency division multiples
access (OFDMA) system that transmits data for different
users on different frequency subbands, and so on.

FIG. 2 is a block diagram of an access terminal 106 used in
a wireless communication system 100, according to certain
aspects of the present disclosure. Access terminal 106 may
include a receiver 200 and a transmitter 210 that are config-
ured to receive/transmit a signal using antenna 220. The
receiver 200 and transmitter 210 are communicatively
coupled to a processing unit 240. Access terminal 106 may
further include a machine-readable medium 230 communi-
catively coupled to processing unit 240.

Access terminal 106 may further include a display 250 and
an interface 260, which may include one or more of a touch
screen, keypad and/or optical device (e.g., camera), for
example. Of course, one skilled in the art would realize that
all components may be coupled to the machine-readable
medium 230 and/or processing unit 240 for implementation
of their respective functions. Access terminal 106 is not lim-
ited to any particular configuration, and various combinations
of components, as well as other components, may be included
in the access terminal 106.

The processing unit 240 may include one or more of a
general-purpose processor or a specific-purpose processor for
executing instructions and may further include a machine-
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readable medium 240A (e.g., volatile or non-volatile
memory) for storing data and instructions for software pro-
grams. A processor may include one or more processors. The
processing unit 240 may be implemented using software,
hardware, or a combination of both. By way of example, the
processor may be a general-purpose microprocessor, a micro-
controller, a Digital Signal Processor (DSP), an Application
Specific Integrated Circuit (ASIC), a Field Programmable
Gate Array (FPGA), a Programmable Logic Device (PLD), a
controller, a state machine, gated logic, discrete hardware
components, or any other suitable entity that can perform
calculations or other manipulations of information. Software
shall be construed broadly to mean instructions, data, or any
combination thereof, whether referred to as software, firm-
ware, middleware, microcode, hardware description lan-
guage, or otherwise. Instructions may include code (e.g., in
source code format, binary code format, executable code
format, or any other suitable format of code).

One of ordinary skill in the art would understand that a
machine-readable medium 240A may include any machine-
readable media and storage integrated into a processor, such
as might be the case with an ASIC. Machine-readable
medium 230 may also include any machine-readable media
and storage external to a processor, such as a Random Access
Memory (RAM), a flash memory, a Read Only Memory
(ROM), a Programmable Read-Only Memory (PROM), an
Erasable PROM (EPROM), registers, a hard disk, a remov-
able disk, a CD-ROM, a DVD, or any other suitable storage
device. A machine-readable medium may include one or
more media. According to one aspect of the disclosure, a
machine-readable medium is a computer-readable medium
encoded or stored with instructions and is a computing ele-
ment, which defines structural and functional interrelation-
ships between the instructions and the rest of the system,
which permit the instructions’ functionality to be realized.
Instructions may be executable, for example, by an access
terminal, or by a processing unit of an access terminal.
Instructions can be, for example, a computer program includ-
ing code.

FIG. 3 is aflow diagram illustrating a method of controlling
carriers used at an access terminal, according to certain
aspects of the present disclosure. Referring now to FIG. 3, at
operation 300 access terminal 106 dynamically determines
whether to entirely or partially shut off one or more carriers,
based on one or more real-time conditions at access terminal
106. According to one aspect, the phrase “shutting off” a
carrier may include anything from temporarily suspending
the carrier from transmitting in a slot or slots during a trans-
mission period, all the way up to entirely shutting the carrier
off by not allowing the carrier to transmit to the particular
access terminal 106.

The determination to shut off the one or more carriers is
applied against a carrier or carriers that transmit data to access
terminal 106, and is based on real-time conditions. According
to one aspect, the phrase “dynamically determining . . . based
on one or more real-time conditions” may refer to, for
example, making a determination when (or as soon as) one or
more real-time conditions are detected or altered, or making
a determination in response to one or more real-time condi-
tions. According to one aspect, the term “real-time condi-
tions” may referto, for example, conditions that exist or occur
approximately in real-time, at the present time, or at the
current time. Further, “real-time conditions,” may include, for
example, the conditions of processor usage and amount of
memory usage. In certain aspects, “real-time conditions” may
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refer to the conditions of both processor usage and memory
usage, where a carrier or carriers is/are shut off based on the
real-time conditions.

In certain configurations, shutting off a carrier may com-
prise using less than all of the slots available to transmit data
to access terminal 106 for a carrier in a given time period. For
example, in a configuration illustrated by FIG. 7, consider
that carrier 701 has 60 slots. In certain configurations, the 60
slots shown in FIG. 7 span a certain time period. Despite the
capability to continually transmit using all 60 slots, carrier
701 has been partially shut off to thereby transmit only in the
slots represented by element 710 (shown as individual slots
28-33). That is, instead of transmitting in any or all of slots
1-60, carrier 701 has been partially shut off so as to only
transmit in 10% of available slots, or the period 710. In certain
configurations, carrier 701 may be partially shut off so as to
transmit in any range of less than the full number of slots
available, or may be shut off entirely so as to not transmit at all
for a given time period. Based on a dynamic determination,
any percentage of slots could be left empty without any data
or information to transmit to access terminal 106, thereby
allowing a processor and/or a memory at access terminal 106
to free up some of its processing power or storage capacity,
respectively. Examples of “dynamic determination™ are
described herein in relation to FIGS. 4 and 5.

In certain configurations, any percentage less than the
entire amount of slots may be at least temporarily shut down.
Such a restriction on the use of slots to transmit data may
comprise a short suspension or a long suspension, or any
length of suspension in-between. A short suspension may
comprise, for example, the length of one slot. A long suspen-
sion may comprise, for example, the length of time needed to
process or store a large application or file.

For instance, consider in certain configurations that a user
of'access terminal 106 downloads a full-length movie that is
played on access terminal 106. The movie includes both
audio and visual information, and in certain configurations
quickly fills the amount of memory in access terminal 106 to
near-capacity. This large usage of memory continues until the
movie is finished. During the time the movie is played, in
certain configurations one or more carriers may have up to all
of'their transmissions and/or slots suspended, or parts of their
transmission and/or slots suspended. In certain configura-
tions, a restriction may comprise a carrier or carriers being
entirely shut off to provide a processor and/or a memory the
chance to free up some processing power and/or storage
capacity, respectively.

Determining which carrier(s) to entirely or partially shut
off may depend, for example, on the type of application that
is implemented and the quality of service (QoS) requirements
that need to be met by access terminal 106.

There may be several real-time constraints (i.e., constraints
caused by currently running applications that may change if
and when a different application is activated) at access termi-
nal 106 that will prevent it from receiving data at the peak or
near peak data rates during a continuous period of time over
a forward link. These may include, for example: central pro-
cessing unit (CPU) speed constraints and memory usage
caused by the types of applications currently active at access
terminal 106 (e.g., MP3 players running, active web down-
loads, playing received streaming/conferencing data over a
media player, etc.) and/or data being generated and transmit-
ted over the reverse link from access terminal 106 to an access
node (e.g., abase station) 104. Therefore, it may be necessary,
for example, to entirely or partially shut off one or more
carriers when actively downloading data from the internet or
when playing music at access terminal 106.
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Referring back to FIG. 3, following operation 300, the
process continues to operation 3 10, where one or more car-
riers are entirely or partially shut off so that either less data, or
up to no data, is received from the one or more carriers that
have been shut off. As an example, when processing unit 240
determines that the one or more carriers need to be shut off, a
data rate control (DRC) signal (e.g., DRC=NULL or an Xoff
message) may be generated for a particular carrier and trans-
mitted in the reverse link (RL) to access node 104. The DRC
signal may indicate particular FL carriers that should no
longer be transmitted to access terminal 106, or that should
have at least a percentage of their slots turned off or that
otherwise should be void of transmitted data. As will be
discussed with further detail with reference to FIG. 4-5, pro-
cessing unit 240 may determine which carriers to shut off
based on the performance of each carrier (i.e., the data rate
seen over each carrier) as well as the QoS requirements of
currently active applications within access terminal 106. As
an exemplary advantage, with multiple carriers assigned to
access terminal 106, access terminal 106 has the ability to
regulate the traffic on a carrier basis. Of course, the subject
technology is not limited to any particular method of gener-
ating a DRC signal or any particular type of signal. One or
ordinary skill in the art would realize that various signals may
be generated and transmitted to access node 104 in order to
shut off] entirely or partially, the transmission of carriers to
access terminal 106.

As another exemplary feature, processing unit 240 may
generate and transmit a DRC=NULL signal to shut off all but
one carrier, when there is a predetermined period of inactivity
over the FL.. By monitoring only one carrier, the battery life of
access terminal 106 may be optimized. The mechanisms and
operations described above for shutting off the carriers,
entirely or partially, may be implemented for this situation.
When access terminal 106 receives a single non-signaling
packet over the remaining active FL carrier, access terminal
106 may, for example, open all carriers by sending appropri-
ate DRC signals for all carriers.

Referring now to FIG. 4, an aspect of the dynamically
determining operation 300 (from FIG. 3) is illustrated by
operations 400 and 410. That is, FIG. 4 illustrates a method of
dynamically determining if one or more carriers from which
the access terminal 106 may receive data should be entirely or
partially shut off based on one or more real-time conditions at
the access terminal 106, according to certain aspects of the
present disclosure. At operation 400 processing unit 240 com-
pares real-time processing capabilities to a predetermined
threshold. For example, if access terminal 106 is currently
running a particular application (e.g., an MP3 player or data
download), the CPU speed may be affected. The current
real-time CPU operating speed may be compared to a prede-
termined threshold saved in machine-readable medium 230,
for example. If the CPU speed falls below the threshold, then
it will be determined that one or more carriers should be
entirely or partially shut off in order to throttle certain appli-
cations (for example and without limitation, QoS applications
with a low quality requirement). Processing unit 240 dynami-
cally determines when the CPU speed falls below the thresh-
old by comparing the real-time CPU speed with the threshold
at predetermined increments. That is, if an application is
activated, processing unit 240 may determine whether the
CPU speed falls below the threshold by comparing the real-
time CPU speed with the threshold.

From operation 400, the process continues to operation 410
where the processing unit 240 selects the one or more carriers
to entirely or partially shut off based on the results of com-
paring the real-time processing capabilities to the threshold,
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using the techniques described above. As an example, carriers
performing at a low data rate, and not affecting the QoS
requirements of the currently active applications, may be
selected to be suspended, restricted, throttled, partially shut
off, and/or simply entirely shut off.

In certain configurations, based on steady state CPU con-
ditions that indicate a certain excess amount of processing
power is not being used, and also possibly based on the desire
to retain at least the current performance that an access ter-
minal 106 is achieving for a given carrier, access terminal 106
may request access node 104 to allocate a subset of carriers
(e.g., 3 carriers). When access terminal 106 recognizes, based
on applications currently supported, that it cannot handle a 3
carrier allocation, access terminal 106 may request access
node 104 to restrict the carrier allocation to what can be
supported by access terminal 106. As an example, there are
fleeting applications (e.g., taking a photo) which will impact
access terminal’s 106 CPU performance for a brief period of
time. Thus, access terminal 106 may request access node 104
to transmit on a small subset of carriers temporarily, so that
access terminal 106 can operate in a consistent manner.

Referring now to FIG. 5, an aspect of the dynamically
determining operation 300 (from FIG. 3) is illustrated by
operations 500 and 510. That is, FI1G. 5 illustrates a method of
dynamically determining from which of one or more carriers
access terminal 106 may receive data, by entirely or partially
shutting off the carriers, based on one or more real-time
conditions at access terminal 106, according to certain
aspects of the present disclosure. Referring to FIG. 5, at
operation 500 processing unit 240 may compare available
memory at access terminal 106 to a predetermined threshold.
Various applications implemented at access terminal 106 may
impact memory usage. [f memory usage falls below a thresh-
old, then access terminal 106 may dynamically determine that
one or more carriers should be shut off, entirely or partially, in
orderto throttle certain applications (for example and without
limitation, QoS applications with a low quality of service
requirement). That is, if an application is activated, process-
ing unit 240 may determine whether the available memory
falls below a threshold by comparing real-time available
memory with the threshold.

From operation 500, the process continues to operation 510
where the processing unit 240 may select one or more carriers
to shut off based on the results of comparing the available
memory to the threshold, using the techniques described
herein, for example, those discussed with respect to FIGS. 3
and 4. In certain configurations, carriers performing at a low
data rate, and not affecting the QoS requirements of the cur-
rently active applications, may be selected to be shut off,
entirely or partially, as described herein.

FIG. 6 is a conceptual block diagram of a processing unit
240 of an access terminal 106 used in a wireless communi-
cation system, according to certain aspects of the present
disclosure. Processing unit 240 may include, for example, a
monitoring module 600 that checks, at predetermined incre-
ments, the real-time conditions of access terminal 106. For
example, monitoring module 600 may periodically determine
the available memory and/or CPU performance at access
terminal 106. Processing unit 240 may also include a com-
paring module 610 that compares the measured available
memory and/or CPU usage, for example, the available
memory and/or CPU usage as measured at the monitoring
module 600, to predetermined threshold(s) stored in
machine-readable medium 230. If it is determined that avail-
able memory and/or CPU usage falls below a given threshold,
a data rate control signal module 640 can generate a signal to
indicate to access node 104 that certain carriers should be shut

25

35

40

45

50

55

8

off, whether entirely or partially. As described above, shutting
off a carrier may comprise as little as preventing a single time
slot from transmitting data, or as much as preventing an entire
carrier or carriers from transmitting data to access terminal
106. The signal from data rate control signal module 640 may
be transmitted to access node 104 via transmitting and receiv-
ing module 630.

Inaddition, processing unit 240 may include an application
module 620 for controlling the functionality of various appli-
cations of the access terminal 106, including without limita-
tion a camera, a music player, and/or various internet appli-
cations, for example. Processing unit 240 may further include
a transmitting and receiving module 630, as noted above, for
transmitting and receiving voice and data signals. Of course,
the subject technology is not limited to any particular con-
figuration of processing unit 240, and it may include one or
more of a general-purpose processor or a specific-purpose
processor for executing instructions and may further include
volatile or non-volatile memory for storing data and instruc-
tions for software programs.

Supporting carrier-selective determinations allows for sig-
naling level control regulation of traffic over individual car-
riers. It is also possible for access terminal 106 to perform
DRC under-reporting, reporting the rate that can be supported
over the FL. for a particular carrier. This offers very fine
control that can be executed by access terminal 106. This may
impact the way access terminal 106 is scheduled by access
node 104, which typically depends on the currently reported
DRC. This assumes that access node 104 is able to effectively
provision packets to be sent over different carriers so that the
packets can be proportionally divided amongst the carriers.
According to one aspect of the subject technology, the access
node 104 preferably forward-regulates the flow control
between the access node 104 and the base station controller
on the DRCs reported. This forward regulation may be diffi-
cult to implement due to short reaction time in certain con-
figurations. Given this, signals generated by access terminal
106 and transmitted to access node 104 may include addi-
tional information to identify the ratio with which access
terminal 106 desires to be served over each assigned carrier.
This way, in certain configurations the base station controller
may better understand how to partition traffic (e.g., data).
Signals generated by access terminal 106 may include various
types or sets of information, and are not limited to any par-
ticular configuration.

Dynamically determining one or more carriers from which
access terminal 106 receives data by shutting off the one or
more carriers, entirely or partially, based on one or more
real-time conditions at access terminal 106 enables the FL
carriers to be adaptable on an individual basis and based on
the performance capabilities available at access terminal 106.
Accordingly, access terminal 106 can throttle certain appli-
cations by increasing real-time processing capabilities, with-
out turning off all carriers simultaneously.

Those of ordinary skill in the art would understand that any
information and signals may be represented using any of a
variety of different technologies and techniques. For
example, data, instructions, commands information signals,
bits, symbols, and chips that may be referenced throughout
the above description may be represented by voltages, cur-
rents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.

Those of ordinary skill would further appreciate that the
various illustrative logical modules, circuits and algorithms
described in connection with the configurations disclosed
herein may be implemented as electronic hardware, computer
software or combinations of both. To clearly illustrate this
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interchangeability of hardware and software, various illustra-
tive components, blocks, modules, circuits and steps have
been described above generally in terms of their functionality.
Whether such functionality is implemented as hardware or
software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans
may implement the described functionality in varying ways
for each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the present disclosure.

The various illustrative logical blocks, modules, and cir-
cuits described in connection with the configurations dis-
closed herein may be implemented or performed with a gen-
eral purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a filed pro-
grammable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform
the functions described herein. A general purpose processor
may be a microprocessor, but in the alternative, the processor
may be any conventional process, control, microcontroller, or
state machine. A process may be implemented as a combina-
tion of computing devices, e.g., a combination of a DSP and
amicroprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other
such configuration.

In one or more exemplary configurations, the functions
described may be implemented in hardware, software, firm-
ware, or any combination thereof. If implemented in soft-
ware, the functions may be stored on or transmitted over as
one or more instructions or code on a machine-readable
medium. Machine-readable media includes one or both of
computer storage media and communication media including
any medium that facilitates transfer of a computer program
from one place to another, which defines structural and func-
tional interrelationships between the instructions and the rest
of'the system, which permit the instructions’ functionality to
be realized. A storage media may be any available media that
can be accessed by a computer. By way of example, and not
limitation, such machine-readable media can comprise RAM,
ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or
any other medium that can be used to carry or store desired
program code in the form of instructions or data structures
and that can be accessed by a computer. Also, any connection
is properly termed a machine-readable medium. For example,
if the software is transmitted from a website, server, or other
remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies
such as infrared, radio, and microwave, then the coaxial cable,
fiber optic cable, twisted pair, DSL, or wireless technologies
such as infrared, radio, and microwave are included in the
definition of medium. Disk and disc, as used herein, includes
compact disc (CD), laser disc, optical disc, digital versatile
disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data opti-
cally with lasers. Combinations of the above should also be
included within the scope of machine-readable media.

The previous description of the disclosed aspects is pro-
vided to enable any person skilled in the art to make or use the
present disclosure. Various modifications to these aspects will
be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other aspects
without departing from the disclosure. Thus, the present dis-
closure is not intended to be limited to the aspects shown
herein but is to be accorded the widest scope consistent with
the principles and novel features disclosed herein.
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What is claimed is:

1. A method of controlling carriers used at an access ter-
minal, comprising:

dynamically determining whether to and which of one or

more carriers selected from a plurality of carriers to
partially shut off based on one or more real-time condi-
tions at the access terminal, a performance of each car-
rier in the plurality of carriers, and determined quality of
service requirements of at least one application running
on the access terminal; and

partially shutting off the one or more carriers in order not to

receive data from one or more available to the one or
more carriers, wherein partially shutting off the one or
more carriers comprises transmitting a message to an
access node that indicates the one or more carriers and a
percentage of slots to turn off.

2. The method of claim 1, wherein the dynamically deter-
mining determines whether to partially shut off the one or
more carriers based on one or more processing capabilities at
the access terminal and the determined quality of service
requirements of the at least one application running on the
access terminal.

3. The method of claim 2, wherein the dynamically deter-
mining comprises:

comparing the processing capabilities to a predetermined

threshold; and

selecting the one or more carriers based on the comparing.

4. The method of claim 2, wherein the one or more pro-
cessing capabilities includes atleast one of central processing
unit (CPU) speed and CPU usage at the access terminal.

5. The method of claim 1, wherein the dynamically deter-
mining determines whether to partially shut off the one or
more carriers based on available memory at the access termi-
nal and the determined quality of service requirements of the
at least one application running on the access terminal.

6. The method of claim 5, wherein the dynamically deter-
mining comprises:

comparing the available memory to a predetermined

threshold; and

selecting the one or more carriers based on the comparing.

7. The method of claim 1, wherein the partially shutting off
the one or more carriers comprises shutting off some, but not
all, of available slots of the one or more carriers.

8. The method of claim 1, wherein the one or more slots are
one or more time slots.

9. An access terminal, comprising:

a receiver;

a transmitter; and

a processing unit communicatively coupled to the receiver

and the transmitter and configured to:

dynamically determine whether to and which of one or

more carriers selected from a plurality of carriers to
partially shut off based on one or more real-time condi-
tions at the access terminal, a performance of each car-
rier in the plurality of carriers, and determined quality of
service requirements of at least one application running
on the access terminal,

based on the dynamic determination, partially shut off the

one or more carriers in order not to receive data from one
or more slots available to the one or more carriers, and
transmitting a message to an access node that indicates the
one or more carriers and a percentage of slots to turn off.

10. The access terminal of claim 9, wherein the processing
unit determines whether to partially shut off the one or more
carriers based on one or more processing capabilities at the



US 9,407,407 B2

11

access terminal and the determined quality of service require-
ments of the at least one application running on the access
terminal.
11. The access terminal of claim 10, wherein the process-
ing unit is further configured to:
compare the processing capabilities to a predetermined
threshold; and
select the one or more carriers based on the comparing.
12. The access terminal of claim 10, wherein the one or
more processing capabilities includes at least one of central
processing unit (CPU) speed and CPU usage at the access
terminal.
13. The access terminal of claim 9, wherein the processing
unit determines whether to partially shut off the one or more
carriers based on available memory at the access terminal and
the determined quality of service requirements of the at least
one application running on the access terminal.
14. The access terminal of claim 13, wherein the process-
ing unit is further configured to:
compare the available memory to a predetermined thresh-
old; and
select the one or more carriers based on the comparing.
15. The access terminal of claim 9, wherein the processing
unit is configured to shut off some, but not all, of available
slots of the one or more carriers.
16. The access terminal of claim 9, wherein the one or more
slots are one or more time slots.
17. A processing system for controlling carriers used at an
access terminal, comprising:
a receiver,
a transmitter; and
a processing unit communicatively couple to the receiver
and the transmitter, the processing unit comprising:
a comparing module configured to dynamically determine
whether to and which of one or more carriers selected
from a plurality of carriers to partially shut off based on
one or more real-time conditions at the access terminal,
aperformance of each carrier in the plurality of carriers,
and determined quality of service requirements of at
least one application running on the access terminal and
a data rate control signal module configured to:
partially shut off the one or more carriers in order not to
receive data from one or more slots available to the
one or more carriers, and

transmit a message to an access node that indicates the
one or more carriers and a percentage of slots to turn
off.

18. The processing system of claim 17, wherein the com-
paring module determines whether to partially shut off the
one or more carriers based on one or more processing capa-
bilities at the access terminal and the determined quality of
service requirements of the at least one application running
on the access terminal.

19. The processing system of claim 18, the processing unit
further comprising:

a monitoring module configured to determine the process-
ing capabilities, wherein the comparing module is fur-
ther configured to:

compare the processing capabilities to a predetermined
threshold, and

select the one or more carriers based on the comparing.

20. The processing system of claim 18, wherein the one or
more processing capabilities includes at least one of central
processing unit (CPU) speed and CPU usage at the access
terminal.

21. The processing system of claim 17, wherein the one or
more carriers are determined based on available memory at
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the access terminal and determined quality of service require-
ments of the at least one application running on the access
terminal.

22. The processing system of claim 21, the processing unit
further comprising:

a monitoring module configured to determine the available
memory, wherein the comparing module is further con-
figured to:

compare the available memory to a predetermined thresh-
old, and

select the one or more carriers based on the comparing.

23. The processing system of claim 17, wherein the data
rate control signal module is configured to shut off some, but
not all, of available slots of the one or more carriers.

24. The processing system of claim 17, wherein the one or
more slots are one or more time slots.

25. A non-transitory machine-readable medium that stores
instructions thereon for causing a processor to control carriers
used at an access terminal, the instructions comprising code
for:

dynamically determining whether to and which of one or
more carriers selected from a partially of carriers to
partially shut off based on one or more real-time condi-
tions at the access terminal, a performance of each car-
rier in the plurality of carriers, and determined quality of
service requirements of at least one application running
on the access terminal; and

partially shutting off the one or more carriers in order not to
receive data from one or more slots available to the one
or more carriers, wherein partially shutting off the one or
more carriers comprises transmitting a message to an
access node that indicates the one or more carriers and a
percentage of slots to turn off.

26. The machine-readable medium of claim 25, wherein
the one or more carriers are determined based on one or more
processing capabilities at the access terminal and the deter-
mined quality of service requirements of the at least one
application running on the access terminal.

27. The machine-readable medium of claim 26, wherein
the dynamically determining comprises:

comparing the processing capabilities to a predetermined
threshold; and

selecting the one or more carriers based on the comparing.

28. The machine-readable medium of claim 26, wherein
the one or more processing capabilities includes at least one
of central processing unit (CPU) speed and CPU usage at the
access terminal.

29. The machine-readable medium of claim 25, wherein
the one or more carriers are determined based on available
memory at the access terminal and the determined quality of
service requirements of the at least one application running
on the access terminal.

30. The machine-readable medium of claim 29, wherein
the dynamically determining comprises:

comparing the available memory to a predetermined
threshold; and

selecting the one or more carriers based on the comparing.

31. The machine-readable medium of claim 25, wherein
the partially shutting off the one or more carriers comprises
shutting oft some, but not all, of available slots of the one or
more carriers.

32. The machine-readable medium of claim 25, wherein
the one or more slots are one or more time slots.

33. An apparatus for controlling carriers used at an access
terminal, comprising:

means for dynamically determining whether to and which
of one or more carriers selected from a plurality of
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carriers to partially shut off based on one or more real-
time conditions at the access terminal, a performance of
each carrier in the plurality of carriers, and determined
quality of service requirements of at least one applica-
tion running on the access terminal;

means for partially shutting off the one or more carriers in
order not to receive data from one or more slots available
to the one or more carriers; and

means for transmitting a message to an access node that
indicates the one or more carriers and a percentage of
slots to turn off.

34. The apparatus of claim 33, wherein the means for
dynamically determining determines whether to partially
shut off the one or more carriers based on one or more pro-
cessing capabilities at the access terminal and the determined
quality of service requirements of the at least one application
running on the access terminal.

35. The apparatus of claim 34, wherein the means for
dynamically determining comprises:

means for comparing the processing capabilities to a pre-
determined threshold; and

means for selecting the one or more carriers based on the
comparing.
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36. The apparatus of claim 34, wherein the one or more
processing capabilities includes at least one of central pro-
cessing unit (CPU) speed and CPU usage at the access termi-
nal.

37. The apparatus of claim 33, wherein the one or more
carriers are determined based on available memory at the
access terminal and the determined quality of service require-
ments of the at least one application running on the access
terminal.

38. The apparatus of claim 37, wherein the means for
dynamically determining comprises:

means for comparing the available memory to a predeter-

mined threshold; and

means for selecting the one or more carriers based on the

comparing.

39. The apparatus of claim 33, wherein the means for
partially shutting off the one or more carriers comprises shut-
ting off some, but not all, of available slots of the one or more
carriers.

40. The apparatus of claim 33, wherein the one or more
slots are one or more time slots.

41. The method of claim 1, wherein dynamically determin-
ing whether to partially shut off one or more carriers is based
at least in part on a data rate of the one or more carriers
communicating the data to the access terminal.
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